Abstract To compare the efficacy of chemoendocrine treatment with that of endocrine treatment (ET) alone for postmenopausal women with highly endocrine responsive breast cancer. In the International Breast Cancer Study Group (IBCSG) Trials VII and 12-93, postmenopausal women with node-positive, estrogen receptor (ER)-positive or ER-negative, operable breast cancer were randomized to receive either chemotherapy or endocrine therapy or combined chemoendocrine treatment. Results were analyzed overall in the cohort of 893 patients with endocrineresponsive disease, and according to prospectively defined categories of ER, age and nodal status. STEPP analyses assessed chemotherapy effect. The median follow-up was 13 years. a disease-free survival event by 19% (P = 0.02) compared with ET alone. STEPP analyses showed little effect of chemotherapy for tumors with high levels of ER expression (P = 0.07), or for the cohort with one positive node (P = 0.03). Chemotherapy significantly improves diseasefree survival for postmenopausal women with endocrineresponsive breast cancer, but the magnitude of the effect is substantially attenuated if ER levels are high.
Introduction
Targeted therapies are recognized as the appropriate modern strategy for the treatment of early breast cancer. The definition of endocrine responsiveness was further refined during the 2007 St Gallen International Expert Consensus on the Primary Therapy of Early Breast Cancer: highly endocrine-responsive tumors (previously referred to as endocrine responsive) express high levels of both steroid hormone receptors in the majority of cells (assessed by proper immunohistological methods), whereas incompletely endocrine responsive (previously referred to as endocrine response uncertain) show some expression of steroid hormone receptors, but at lower levels or lacking either estrogen receptor (ER) or progesterone receptor (PgR) [1] . In the 2005 Early Breast Cancer Trialists' Collaborative Group (EBCTCG) meta-analysis, on average, a significant proportional reduction in recurrence and mortality due to chemotherapy was shown, irrespective of endocrine responsiveness, age, nodal status and regimen given [2] .
Nevertheless, the extra benefit of adding chemotherapy to effective endocrine treatment (ET) is still a matter of debate [3, 4] . Several randomized trials have reported a favorable impact of adjuvant chemotherapy in addition to tamoxifen (TAM) alone in postmenopausal women with node-positive and endocrine-responsive breast cancer [5] [6] [7] [8] , but few reports are available in the subgroup of patients whose tumors express high levels of estrogen receptors (ER) [9] . Retrospective, exploratory analyses of the Southwest Oncology Group (SWOG) protocol 8814 (Intergroup 0100 trial) in postmenopausal patients with node-positive breast cancer suggest that the extra benefit from adding combination chemotherapy with cyclophosphamide, doxorubicin and fluorouracil (CAF) to TAM alone was essentially confined to patients with low and intermediate levels of ER expression, while no benefit from CAF was seen for patients with 1-3 positive axillary nodes, and for patients with high levels of ER in their primary tumors [10] . The chemotherapy benefit might not be large enough for patients with highly endocrine-responsive tumors to justify the routine use of chemotherapy.
The International Breast Cancer Study Group (IBCSG) Trials VII and 12-93 evaluated chemoendocrine therapy compared with ET alone in peri-and postmenopausal women with node-positive operable breast cancer. The results of these trials have been previously reported [11] [12] [13] . In the present paper we analyze the influence on disease-free survival (DFS) of adding chemotherapy to ET for patients with ER-positive disease, and examine the relationship between the magnitude of treatment effect and the level of ER expression in the primary tumor.
Patients and methods

Study design
Trials VII and 12-93 are randomized multicenter clinical trials designed and conducted by IBCSG for patients with node-positive breast cancer. Between 1986 and 1993 Trial VII randomized postmenopausal patients with either ERpositive or ER-negative primary tumors to one of four treatment groups: TAM alone for 5 years, TAM plus three courses of early cyclophosphamide, methotrexate, and fluorouracil (CMF) on months 1, 2, and 3 (early CMF plus TAM), TAM plus delayed single courses of CMF on months 9, 12, and 15 (delayed CMF plus TAM), TAM plus early and delayed CMF on months 1, 2, 3, 9, 12, and 15 (early plus delayed CMF plus TAM). Early chemotherapy started on the same day as TAM [11] . Between 1993 and 1999 Trial 12-93 randomized peri-and postmenopausal patients (hereafter referred to as postmenopausal) with ERpositive primary tumors to TAM or Toremifene (TOR) and to one of three systemic therapy regimens: chemotherapy (four courses of AC [anthracycline (doxorubicin or epirubicin) plus cyclophosphamide]) with concomitant ET, chemotherapy with sequential ET, and ET alone. In 1997 the three-arm randomization for the chemotherapy-oriented question was discontinued due to insufficient accrual and the trial continued with only the TOR versus TAM randomization; the use and type of chemotherapy prior to initiation of the ET was left to the discretion of the investigators [13] . Institutional review boards reviewed and approved the protocols, and informed consent was required according to the criteria established within the individual countries. Table 1 .
Patients were enrolled after primary surgery, which consisted either of a total mastectomy or breast conserving procedure with breast irradiation, and axillary clearance. Patients with clinical stages T1-T3 N1 M0 (International Union Against Cancer [UICC] 1987 classification) were considered eligible. Pre-randomization studies included hematological evaluation, renal and liver function tests, chest X-ray and bone scan. ER extraction assays of the primary tumor were considered positive if levels of cytosol protein were 10 or more fmol/mg of tissue cytosol. Most ER results were reported from extraction assays (766 patients), but, as immunohistochemistry (IHC) methods started to be used in the mid-1990s, some results were reported as categorical IHC (expressed as negative, borderline positive, positive, or strongly positive) (50 patients), or quantitative IHC (% positive immunostained cells) (77 patients). For the purpose of the present analysis, the category of highly ER-positive disease (as distinct from the low-intermediate ER category) was defined prior to data analysis as [50% positive cells by quantitative IHC, strongly positive by qualitative IHC, or levels of cytosol protein C50 fmol/mg cytosol protein by extraction assay.
Statistical methods
Disease-free survival (DFS) was defined as the length of time from the date of randomization to any relapse (including ipsilateral breast recurrence), the appearance of a second primary (including contralateral breast cancer) or death, whichever occurred first. DFS percentages, standard errors and treatment effect comparisons were obtained from the Kaplan-Meier method [14] , Greenwood's formula [15] , and log-rank tests [16] , respectively. The logrank test for the combined cohort was stratified by the individual trials.
Hazard ratios and 95% confidence intervals for chemotherapy treatment effect were estimated from Cox proportional hazards models [17] overall and for prospectively defined subgroup categories of ER (highly ER positive vs. low-intermediate ER positive), age (\60 years vs. 60 years and older), and nodal status (1-3 positive nodes vs. 4 or more positive nodes). P-values are not reported for these subgroup analyses, which should rely on the estimated hazard ratios and 95% confidence intervals to assess variations in chemotherapy effect relative to the effect observed for the entire cohort [18] .
The non-parametric subpopulation treatment effect pattern plot (STEPP) methodology [19, 20] was used to further explore the trends in treatment effect differences according to ER levels (limited to the 766 patients with extraction assay values), age (in years) and nodal involvement (number of positive nodes). STEPP involves defining several overlapping subgroups of patients on the basis of a covariate of interest and studying the resulting pattern of the treatment effects estimated within each subgroup.
Results
Overall, patients who received chemoendocrine therapy had improved DFS compared with patients who received ET alone (TAM or TOR) (HR: 0.81; 95% CI: 0.68-0.97; P = 0.02) ( Table 2) as shown in Fig. 1 Table 3 ). The risk of a DFS event was reduced by 22 and 17% in women \60 years and 60 years and older, respectively and by 11 and 31% in patients with 3 or fewer or 4 or more positive nodes (Table 3) . Within each trial, the addition of early or early plus delayed CMF in Trial VII and of early AC in Trial 12-93, as compared with ET alone, resulted in a 14 and 37% reduction in the risk of a DFS event, respectively, ( Table 2) . Adjuvant TAM and TOR, as previously reported, showed similar efficacy, in terms of DFS and overall survival (OS), and comparable toxicity in postmenopausal patients with node-positive breast cancer [13] .
Although there was no difference between the DFS for the small number of women who received sequential chemo-endocrine therapy (66 patients) and those who The median follow-up is 13 years. Abbreviations: HR hazard ratio, CI confidence interval, P stratified log-rank P value STEPP analyses were used to explore the pattern of treatment effect differences in terms of 10-year DFS according to quantitative levels of ER of the primary tumor, patient age and number of involved nodes (Fig. 2a-c) . For these sliding window analyses, each subpopulation contained *200 patients total for both the chemo-endocrine and endocrine subgroups, and each subsequent subpopulation was formed moving from left to right by dropping *50 patients with the lowest covariate values and adding *50 patients with the next higher covariate value. The x coordinate indicates the median covariate values for the patients in each subpopulation. The y coordinate indicates the 10-year DFS percent estimated using the Kaplan-Meier method on data from patients in each subpopulation. Figure 2b and c show the STEPP analyses according to age and nodal involvement: the extra benefit of chemotherapy appears to be slightly greater in younger postmenopausal women (\60 years) and in patients with high risk disease ([3 positive nodes) with no difference observed for patients with one positive axillary lymph node.
Discussion
Overall, the addition of adjuvant chemotherapy to endocrine therapy improved disease-free survival on average for postmenopausal women with node-positive, ER-positive breast cancer. The addition of chemotherapy improved outcome irrespective of prospectively defined nodal status category, age category, or category of ER expression. However, STEPP analyses of treatment outcome according to continuous measures of number of positive nodes, age, and extraction assay ER values suggest that the magnitude of chemotherapy benefit may differ in predictable ways for patient subgroups within the larger cohort of postmenopausal women with node-positive, ER-positive disease. In particular, patients with tumors expressing very high levels of ER, and those with only one positive axillary lymph node appeared to benefit little from adding chemotherapy to endocrine therapy. STEPP provides exploratory analyses designed to complement the overall results and to suggest areas for further investigation and confirmation in other datasets.
Reduced effectiveness of the addition of chemotherapy to endocrine therapy for high levels of ER expression among postmenopausal women has also been observed in other trials [9, 10] . As stressed in the 2007 St. Gallen recommendations [1], one of the most difficult challenges in treating early breast cancer is selecting those patients with highly or incompletely endocrine-responsive disease who should receive chemoendocrine treatment. Accurate assessment of steroid hormone receptor concentrations in the primary tumors remains a challenge. Up to a 30% discordance has been reported between IHC and extraction steroid hormone assessment [21] , and IHC has been associated with a superior predictive and prognostic value in several studies [22] . A recent retrospective central laboratory review of specimens from IBCSG Trial IX (a randomized comparison of adjuvant chemoendocrine therapy vs. endocrine therapy alone for postmenopausal women with node-negative disease) showed 80% concordance of ER status as determined by central IHC or local extraction assay, although the trial conclusions according to ER status remained the same regardless of the method used [23] .
Endocrine therapy alone is possibly not as effective for patients with low-intermediate ER levels as it is for high levels of ER expression. Alternatively, chemosensitive targets play a more important role in less endocrine-responsive tumors. Aromatase inhibitors (AIs) have been shown to provide additional DFS benefit compared with TAM for postmenopausal women with hormone receptor-positive breast cancer [24, 25] . In a recent report of centrally reviewed estrogen receptors by immunohistochemistry in the BIG1-98 trial comparing TAM to the aromatase inhibitor letrozole, no clear statistical evidence of differential treatment effect according to ER expression was observed [26] .
Biological co-factors in addition to level of ER expression are quite likely to influence the magnitude of chemotherapy benefit. A recent exploratory STEPP analysis of PgR levels (PgR \10 and PgR 10 and greater fmol/mg cytosol protein) in IBCSG Trial VII reported a benefit from adjuvant CMF especially in tumors with intermediate levels of ER, but low levels of PgR [9] . These findings should be viewed as hypothesis generating, as understanding the influence of other potential chemosensitive biological targets, e.g., luminal B subtypes, HER2 overexpression/ amplification and/or measures of proliferation, could be helpful to further tailor the addition of chemotherapy within this otherwise endocrine-responsive cohort. Molecular signatures of gene expression able to distinguish patients with low-and high-risk disease in node-negative breast cancer have been identified [27] and studies suggest a predictive role in high risk women ([10 positive nodes) as well [28] . High levels of ER defined by Allred Score [10] as well as low recurrence score values based on OncoType Dx [29] are indicators of little benefit of adding anthracycline-based chemotherapy to endocrine therapy for postmenopausal women with node-positive disease enrolled in the INT 0100/ SWOG 8841 trial. The results of ongoing multi-institutional, randomized trials in North America (TAILOR-X) [30] and Europe (MINDACT) [31] may assist in better identifying patients with endocrine-responsive tumors who would likely benefit from chemo-endocrine adjuvant strategies.
The 2005 EBCTCG Overview, which normally presents results primarily according to age (under 50 and 50-69 years of age), showed a substantial benefit of chemoendocrine treatment compared with TAM alone for women \50 years with ER-positive tumors, whereas the magnitude of benefit was not as substantial for women 50 years of age and older with ER-positive disease [2] . Since age is not a therapeutic target and many women in their 50s maintain some degree of ovarian function, our STEPP analysis suggesting a somewhat larger impact of chemotherapy in younger postmenopausal women (\60 years) could partially be explained by a persistent endocrine effect of cytotoxics. In any case, there is no evidence that age per se should be used as a factor to determine whether or not chemotherapy would be beneficial for women with breast cancer. In particular, for premenopausal women with endocrine responsive breast cancer who receive adequate ET, the role of chemotherapy remains uncertain [32, 33] .
Four courses of AC or six courses of classical CMF are generally considered suitable in patients with highly or incompletely endocrine-responsive disease and a recent review of the Cancer and Leukemia Group B trials suggested that the benefits of ''more intensive'' compared with ''standard dose'' chemotherapy were negligible for women with node-positive, ER-positive cancers [4] . Nevertheless, current chemotherapy regimens including more effective use of anthracyclines and taxanes may yield results that differ from those reported here.
Our analyses confirm that on average adding chemotherapy (CMF or AC) to endocrine therapy improves disease-free survival for postmenopausal women with ERpositive, node-positive breast cancer. In general, this could reflect the heterogeneity of tumor cells with a few, highly chemo sensitive ER negative cells, contributing to the additional benefit of chemotherapy. STEPP analyses suggest that the magnitude of this benefit may be less for patients with high levels of ER in the primary tumor, a single positive axillary lymph node, or older women. These results stress the importance of a precise identification and analysis of biological targets to better tailor individual treatment strategies and further improve outcome for women with early breast cancer.
